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A ncutrsl molecule
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Raney NIf .
HyO/MNy,AS0, 2.3 -Dikydrolysergic Acid

ACID
COMPOUNDS OF LYSERGIC ACID

Me

Lysergio acld diethylamide (LSD)

STEREOCHEMISTRY
Catalytic hydrogenation products of Lysergic acid and isolysergic acid are indicated through structures
CtoF.
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Hydrogenation of lysergic acid and it’s alkaloids yielded only dihydrolysergic acid., viz. dibydrolsergic
acid C. whereas the iso —series gave both dihydrosolysergic acids (E) & (F) with greater proportion of the
latter.

The formation of orils one stercoisomer from the hydrogenation of lysergic acid maybe explained by
assuming that the carbox.yi group at C, and the hydrogen atom at C, are on the same side of the molecule
in lysergic acid, thereby shielding the double bond from “top - side’ attack’. The addition of hydrogen has
to t=k ¢ place, naturally and necessarily from the bottom face, giving the trans — product.

Rapid formation of dihydroisolysergic acid (F) indicates cis~configuration in the iso - series.

Under alkaline conditions, dihydroisolysergic acid (E) was irreversibly rearranged to from ©. The
reverse is not true for the (F) - series. From this, it may be infrerred that © and (F) contain the carboxyl
group in equatonial position.

The abeve discussions point only the relative spatial arrangement at the various asymmetric centers
of isomeric lysergic and dihydrolysergic acids. The absolute configuration was deduced from ORD
measurements. It was concluded from ORD studies, that the configuration of hydrogen at C,is‘beta’ in
natural lysergic acid.

This was confirmed by oxidative degradation of the d — lysergic acid lactam
(G) to aD - aspartic acid derivative (H). Degradatrion with d — lysergic acid afforded an aspartic
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acid (), dialkylated at the nitrogen that was to racemize quickly. (aspartic acid = aminosuccinic acid).

COOC;Hy

The compound (H) obtained from (A) through a series of reactions was found to be identical with an

authentic sample of D-(+)-N- methylaspartic acid di-n-propyl ester.
Thuis natural lysergicacid has the (SR : &R) configuration depicted by the fo:mula (A).

LN
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UNIT ~ I1f
CHEMOTHERAPY
introduction ;-

Enrich (1909) introduced the term “Chemotherapy”. The term chemotherapy is used in the sense of
the treatment of diseases due to bacterial invasion by chemical compounds which destroy the micro organism
without affecting, the host tissues.

There are many terms associated with chemotherapy (i) disinfectants, (ii) drugs (iif) chemotherapeutic
agents (anti - bioties)

Disinfectants;

Compounds like formaldehyde, phenol, iodine etc., are active in destroying bacteria, These compounds
are applied externally and are found to destroy tissues. Such compounds are thus not called, therapeutic
agents, but disinfectants. '

Drugs: .
Compounds which exert various physiological effects of therapeutic values are called as drugs.

There methods are adopted in developing a drug towards a particular disease.

(i) Trial and error method. Here all kinds of compounds including natural and synthetic are tried and
an effective drug developed towards a particular disease.

(ii) The cell system of the disease causing becateria is studied. Then compounds which couid acton
them is synthesized.

(iii) Starting from a compound with required activity and by systematically changing the structure of
it to improve its quality, is the third method. The last one is the most prevalent one in pharmacology ..
sulpha durgs.

ANTIBIOTICS

Antibiotics are chemical substances produced by microorganisms, which may inhibit the growth of

other microorganisms or even destroy them.

Classification of Antibiotics

Antibiotics are classified in 2a number of ways. They are,

1. First classification: They are broadly divided into two types

(a) Broad spectrum antibiotics: '

This is based on the curative effect of the antibiotics against several ailments. Examples of this
category are, penicillin, chloramphenicol, tetracycline ete.,

(b) Narrow spectrum antibjotics:

These are highly specific in their action. Examples are bacitracin, nystatin etc.

2. Second classification:

This classification rests upon the type of bact ~ria (Gram positive or gram negative) the antibiotic can
destroy. This is based on the Chritian Gram’s Staining method.
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Grams staining method.

In this method the fixed bacterial smear'i§ treated with, first a solution of crystal violet (a dye), then
with asolution of iodine. The smear is then washed with alcohol. The becteria which retain the colour of the
crystal violet and appear deep violet in colour are known as Gram — Positive bacteria (example,
staphylococeus, streptococcus). On the other harid, becteria which lose the violet colour and get counter
stained by safranin and appear red in colour are called Gram —nege  ve becteria. (example: Coil and
typhoid bacillus).

3. Third classification:

This classification of antibiotics is based on their chernical structures. Though they have greatvariations
in their chemistries, they have similaritiés in their structure. It has been suggested that such antibioties are
produced through similar mechanisms in different organisms and they also show similar therapeutic actions.

Examples are:

(a) Penicillins: They are derived from amino acids. Examples, penicillins, cephalosporins etc.,

(b) Chloramphenicol and synthetic analogues.

(c) Tetracycliris: These have a four six — membered fused ring system. Examples are tetracycline

(achromyci) aureomycin, terramycin etc.,

PENICILLINS
Introduction: .
Penicillin is the name given to the mixturé of natural compounds which have molecular formula
CH,,N,O, SR and differ only in the nature of R. The general structure of penicillin is;

RM-CH-C{
J_L cos

! ——

p-lunu Thiazolidine
. onlt

IfR = pent - 2 - enyl = pemclllm (or) F
Benzyl = pemcxllm I (or) a
P _Hydroxybenzyl = penicillin III (or) X
n - Heptyl = penicilline IV (or) K
Phenoxymethyl = penicillin V

Structure Elucidation: (For convenience the reactions are formulated with the known structure).

1. From clement analysis and molecular weight determination the molecular formulaof penicillin
has been found to the CH, N,Q, SR.
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2.

5.

Formation of monsodio salts with bicarbonatic indicate the presence of one carboxyl group.
It has a pKa value of 3. it is stable at p"6>7. penicillins are lable at lower p* due to the cleavage
of the § - lactam ring.

From usual tests, it has been shown that penicillin do not possess a free amino (or) thiol group.
When penicillins are hydrolysed by hot dil. Inorganic acids, equimolecular amounts of penicilliamine
and penilloaldehyde are formed. During the formation of these two products one carbon is lost
in the form of carbon — di- dioxde.

S
Figl n—'&’.*:m- CH -— CH niu hot dU
[l e
N Q04
0‘?

[ n—g’-un-—ca-a{oJ mu-!m-o(

. Penaldic

=00, acld Ponidlhmlno

i
R*C=NHesme CH;w= CHO
Penilloaldghyde

So if we know the structure of penicillamine and penilloaldeyde, we can arrive at the structure
of pencillin.

Stmcture of Penicillamine:

L

o

Indigo colour reaction with ferric chloride suggests that it is a disubstituted cysteine a — amino.
(This is a characteristic test for a amino acids (cysteins) containing sulphur). B — mercapto - b,
dimethytpropionic acid.

Van Slyke determination indicates the presence of one amino group (eudiometric method)

- From kuh-Roh estimation it is found to have a gen dimethyl group.

Penicillamine readily condenses with acetone giving a thiazolidine derivative.

8

Thiszolidine
H derivative

Fi

Amﬁmnaﬁmof&xisdaivaﬁons‘nwnﬂw&xeﬁﬂolaﬂamﬁnm are onadjuacent carbon atoms.
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Synthesis : Finally it’s structure has been confirmed by its synthesis.
Figlv :

"’-M
o'
)\ Oxazalone

' : derivative
N

ool Py
c\ns' g : GPH "‘
H;&\QL or¥_ r&\ﬁ —

(&) ~Pazleiliamice
The racemic aming was resolved, as its formyl derivative, ustig brucine. D - penicillamine is obtained
by the hydrolysis of the formy! group. This is found to be identical w iti the natural penicillamine by mixed
m.pt. depression.
When penicillin is treated with diazomethane, it is converted into its methyl ester. The latter on
hydrolysis with aqueous metcuric chloride solution gives the methyl ester of penicilamine and penilloaldelyde.
Thus the carboxyl group in penicilamine is that in penicillin itself,

FigV
i Penillosldehyds
&) " &
CH;
_ ROLLNEEN Z
) "AQHE CYy
g con O H;N-CH-CO,Me
‘ Mathyl ester of
Penicillamins
Structure of PenHloaldehyde:

 One hydrolysisit gives a substituted monobasic acid and aminoacetaldehyde. So penilloadidehyde
i~ an acyl derivative of aminoacetaldehyde,
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Fig: VI

il bydrolysls
R ~C-NH -CH,CHO —e > RCOOH + H,N -CH;~CHO

Syuthesis 1
0

a-g +. NH~CH,~CH(OEt), __‘,‘_’_‘_E‘____,
Q Amiaoseetal

0
_j_l - 50° .
Dhpriscs: Penllicaldsbyde

When penicillin s treated with moderately concentreated acid solution, it undergoes a rearrangement
to givs penillic acid.

Flg : VII

c
i
R-C-

s"fs
HOL( - :i'sx - iﬁi T
N ‘N 'CO:H
S/
l Penilllc acld
R

As pointed out eartier, nenci!tin gives on acid hydrolysis, pencillaming, penitloadidehde and carbon
dioxide. The formation of carton dioxide 1 eliév=d to take place b t*.2 Jyrmation of an unstable acid,
probably a f - keto acid. So as possible explanation is that penilioaldehyde ~ acid (penaldic acid) is.
formed as an intermediate in the hydrolysis of penicltin,

Fig. VIII
a B
R-CO-NH-CH-CHO ~—— CO, +R CO NH - CH, ~ CHO
l
COH

Penuldic acid
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Now the problem is to identify, how these two fragments are joined in penicillin. Let us look at the
following two degradations.

Degradation:

Pencillin on dil. Sodium hydroxide hydrolysis (or) enzymatic (pencilase) hydrolysis gives penicilloic
acid, a dicarboxylic acid. Thus readily looses 2 molecule of carbon dioxide to form penilloic acid. This
suggests the presence of a carboxyl group in the B - position with respect to the negative group. Penilloic
acid, cn hydrolysis with aq./ mercuric chloride, gives penicillamine and penilloaldehyde.

FigIX.

s
- diLN2OH or _
_—_q* - e
Ponlcillin s R -CO NH«'EH ?( Uy,
hydrolysls CO;HEN COH
Peanlcilloic acld
[
~CO, AqHgCh
ey R-CO = NH~CH; =~ ( T i
] (/] Solutlon
BN Co;H
Fenlllole acid
fﬂa
Peclllosldsbyde Y
Penlclilamine

This hydrolysis is characteristic of compounds containing a thiazolidine ring. Thus penilloic acid
could be (), since this structure would give the required products.

8
R-CO~NB - CH u . R CONHCH,CHO
S [, e RO
v Co,H Hs_\
' H;NCH COH
(¢3)
Hence, if structure (T) is penilloic acid, then penicilloic acid would be structure (II).

CG;H
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Structure (11) is supported by the fact that the tre:.......it. “penicillir. with methanol give methyl
penicilloate, which on hydrolysis with aq mercuric chloride, gives methyl penaldate and penicillamine.
Fig : X1I

MeO;C  HN=
RCONH~CH—~CHO _ HS~
o R ‘ Tﬁ !’
Me H;N=CH—CO,H

‘ Q;ﬂnbas&sofﬂzmmgoingevidmt\wommmpossibleforpexﬁcilﬁnviz.fm)&(N)
Fig : XIII _

_ N
ac? en / RCO-NH~CH e
| . 1ty i 1 }
0_.1!0 HN 00,1 CO~—=N COH
144

Ozxazolone structure B-Lactam structure

Since penicillin under goés molecular rearrangements when treated with dil. Acids, it is difficult to
" Finally, the blactam structure has been assigned as the correct structure fro penicillin on the basis of

IR and X - ray diffiaction studies. This struzture for penicillin has been confirmed by Sheedhan's systhesis.

SYNTHESIS:. |
The starting material for this synthesis is t - butyiphthalimido malonaldehydate.

Fig: X1v
0

@?4 -

) -What s special about it? The amino group is protected in the form of phthalimido group to prevent

self condensation, with the aldehydic group of a second molecule. The carboxyl group is a - carbonyl
corapound, which are unstable. So to withstand the rigorous conditions of the synthesis the carboxyl group
is protected as its ester. Why a terti ary butyl group, of all the alkyl groups?
T-Butyl group s  labile alkyl group. So can be removed easily at the desired stage,
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Note : All the reactions in this synthesis are carried out at room temperature.

Fig : XV,
8
AN et I O
""_l + K< C0,t84 coH
©O; ¢ Bu n.'ri..tl:n.co.n R = Phthalimlds grosp
Ponlcillamine
L] %
QHNe=CH —— CH 2 M RGN
- : o'o,u (1) PhO~CH,C0Q1

R= mnu.uo group

o ‘é -
rm—af.co-rm- c’f I,,,”
Co;l Ba

“S'*.;\ G KT (Y eg)
DO - Tl 00 ~ NH - ?}z e 'C'i;' B Fe, woet >
CO,H rm——-L— ccH
DEC= Ceiy.N=C=N- ca!u

2O - CH,-CO ~ NH ~ CH --CH ,,,, +QH,,NH-CO-NHCJ§|J

o
Peuicillla ~IV (asits pom_clm'n salt)

CHLORAMPHENICOL (OR) CHLOROMYCETIN

satroduction:
Itis a broad spectrum antibiotic and is the first one to be produced synthetically on acommercial

basis. Excessive use of this antibiotic may cause aplastic anaemia. -
Fig: XVI

CH,0H

;i)cu -Lonm
' [ on

NO, . _
D (-) Thereo -I-p-Nitropbeyl -2- dichlaroacetamindo - propan — 1,3 - diol
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Structure Elucidation:
()  From analytical data the molecular formula of the compound is foundtobe C. H ON €l

- y—s 2
(1) Acid hydrolysis of chloramphenicol gives dichloroaceticacid and an optically active base,

CH,,0.N, called “Chloramphenicol free base”.

g NQ; . NQI
Chlaromyestln Chisramphenice!
res base

() The antibiotic doesn’t answer for van Slyke determination. However the hydrolysed product
shows a positive reaction for van Slyke determination, That means the amino group is free and
primary in the hydrolytic product and rot in the antibiotic. This clearly estabhshed that the
antibiotic is an amide and not an ester.

{iv) A partial synthesis of this could be effected by treating the “free base™ with the methy! ester of
dichloroacetic acid (or) methyldichloroacetate. This means the acid hydrolysis of this antibiotic
is very simple and direct without involving any molecular rearrangement (or) side reaction.

"CHC=OMe+
ar i A

(V) Acetylation of the antibiotic shows the presence of two hydroxy! groups. But only one of them
+ coyld be easily acetylated indicating that one of the hydroxyl is primarly and the other secondary.
(The seeond one requires pyridine as catalyst for acetylation)
(M) The structure of the “free base” has been clearly revealed by periodicacid oxidation of it. It
produces p-nitrobenzaldehyde, formic acid, ammonia and formaldehyde.
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Fig: XIX

BEHO
H;N+H COOH
: +
3 Moles otl
RHIO

NO,

(vil) The antibiotic itself is unreactive towards periodic acid. This combined with the cleavage that
can be effected on the product of acid hydrolysis tells us that the hydroxy! groups must be 1,3
— position but not vicinal.

(viti) Knowing that one of the hydroxyl group is primary and the group are at 1,3 — positions, it is
clear that the amide substitution should be at C2.

(ix) Hydrogenation of the “alkali degradation product” of the antibiotic gave an aniline derivative
identified by diazotisability and A max at 280 mm indicates the presence of p — nitrophenyl
group.

Fig : XX

OWN S | TS

/\ max = 280 nm Amax =240 am

(x) It was further confirmed by the reduction of chioramaphenicol with tin and - hydrochloric acid
followed by diazotisation and then coupling with 3 — naphthol to give an orange red precipitate.
Finally its structure has been confirmed by the synthesis of chloramphenicol.

SYNTHESIS: (CONTROULIS ETAL -1949)

CH 'No
| 3
CHO CHOH
. CH,~CHyOH Ny OEt -
+ P
NO,;
B ~Nitrosthanol

Senzaldehyde
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ol CH,0H  NHAe
| N NH,; :
CHOH =0Ae
H;-Pd * Ac;Oin Pyridlm’
—r;;l""*' O " Acstylation .
 CHiOAe » CH:0H
cn NHAe fﬂ - NH,
cx - OAe CH ~OH
' Hydrol
—————m————————
Nitration
NO,
CH,OH
NHCOCHCY,
OH

Resolve the tartrated ‘
with (+) —camphor ~ |- @ Cl,CHCOOme O
———sSaddenie Qs

) (G m———-b
4243 sulphonic acid So
NOy
(- ) Chloramphenicol
oN m (CH, )N
COCH, smhnﬁcn (u) HCl- z:oa
P - Nitroscstophenons

AGO ' CH,O/
—_ . I8 COCH,NHAC i
S ' Ot '@' 'Aq.NayCO,

Erytbhro { mizor)
Toreo ( major)

. , NH COCH, LPrO # NHaAs
.co-ci?’ —-—--mm-—“ : n Ol CHOR -CH
S CH,0H MPV reduction ~ CH,0H
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OH ~CH :
roevrr-+ s gl ~emon
the mixpure br

(M)

N ti(Hanstorto
eHon q\c_l‘fcu Salphivnic acid
) Rasolvad
(i) CHO, CO, CH,
‘&‘ REQOCH Oy
CHOR

Introduction:

This antibiotic was isolated by Abraham etal from crude cephalosporin N (an antibiotic produced
by a species of cephalosporium). Cephalosporin — C is found to have antibacterial activity and is much
more stable to acid, cephalosporin N. this is resistant to hydrolysis by the enzyme penicillase; unlike the

simple penicillin.
Structure Elucidation:

Analystical data indicate the formula of cephalosporin-Ctobe C \H, N,0O,S.

The presence of an o - amino acid is inferred from positive ninhydrin reaction. Further miore,
cephalosporin-C, behaved like an aminodicarboxylic acid o electromeric titration; there ionisable group
were found with pKa values <2.6, 3.1 and 9.8 respectively. The IR band at 1783 Cm in [R).

The structure of cephalosporin C is revealed through a nur- -+ »fhydrolytic studies.

a) Acid hydrolysis of cephalosporin C givesone molecule of corhon dioxide, one molecule of
D - ot amino — adipic and (1) and two molecules of ammonia.

b.) When the antibiotic is heated with Raney nickel (hydrogenolysis) and the product hydrolysed
L-alaine (1) and some DL - Valine are obtained along with compound (T),

c.) Controlled hydrolysis ‘of the antibiotic gives a dipeptide (III) together with (I) and
o, f - diaminopropionic acid.

d) Hydrolysis of the antibiotic in neutral aqueous medium at 37°C gives D - 2
(4-amino 4-carboxybut) thiazole - 4 carboxylic acid (IV).

so.c-mm.%;}(mh-mmco.mm

O -CROGICOE Wé._t*__,cmﬂn
)y - P~ e L2 Medlum
o * @ nrony T Coauslies £,
DL « Vailas (ssfncr) Bydrotysis COH -
(v -

HOWC « CBOVH,) ( CH, ) -CONH CH(CO;H)CH; HH,
. an)
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Electrometnic titration of (V) indicated the presence of a basic group (pKa 9.9) and two acide
groups (pKa — 2.6 and 4.0 respegtively). The UV spectrum of (IV) (A max 237mm (H,0) and 233
{NHCI) is found to be similar to that of -2 (1 amino -2 methyl-propyl) thiazole-4 carboxylic acid. This
along with other evidences led to the suggestion of structure (IV). Based on this and IR data the partial
structure for the antibiotic has been given as,

M‘s
H.\NCH, -‘CB ~CH,

AL con

ao;c-camm-oo-ﬂng-_« —~——
(v)

84y
}5&“«

Cephalosporin C on hydrolysis with sulphuric acid gives one molecule of acetic acid. Bands at
1773 and 1031 em* are observed in the IR spectrum of the antibiotic. The former band suggests the
presence of an acetoxyl group. Hence the latter may be attributed to O — C (stretch) in the grouping CH3
~C0O-0-C; an acetoxyl group is present in the fragment C_H,0,. this leave only five carbon atoms in
the fragment (structure V).

Now the antibiotic on hydrogenclysis with Raney nickel gives among other products, DL~ Valine
and a-oxo-isovaleric acid. But penicillin under the same conditions gave D - valine (from the penicillamine
fragment by removal of the sulphur atom). Furthermore, Cephalosporin C, unlike the penicillins, does ot
give penicillamine on hydrolysis.

Thus the structures of the fragment attached to the § - lactum ring in cephalosporin C and the
penicillins are quite different. This is evident from the absence of a signal at 2.10 8 in the NMR spectrum of
cephalosporin C. (This signal correspondsto a gemdimethyl group). A sharp peack observed at 2.6 is
attributed to one methyl group, and may be assigned to the methyl in an acetoxyl group. msigml at5.7is
assignied o aCH-CH group. (This signal is observed forbenzylpenicilline also).

Cephalosporin C on hydrelysis with 1.25 N hydrochloric acid at 100° C gave two lactones which
contaired sulphur. Analysis of their physical and chemical properties led to the conclusion that these lactones
have the following structures.

20

(VI)
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Compound (V1) is called a - tetronic acid and the latter is the corresponding thiolactone. Both
(VD) & (VII) give - methyl-a-tetronic acid (VIII), on treatment with Raney nickel. The above two lactones
may be the product of fivecarbon fragments from two molecules of cephalosporin C.

Cephalosporin C give C gives Cephalosporin Ce, (A max 257 mm) a lactone, when dissolved in
0.1 N HCL at room temperature. In its formation an O- acetyl group is lost. Cephalosporin Cc on treatment
with Raney nickel gives a amino - § methyl - butenolide (IX). The latter on hydrogenation (Pt-PtO) give
v - hydroxyvaline lactone. (X).
o CH;

H;N

(X)

Based on the formation of (VT), (VIII) and (IX), it concluded that the antibiotic may contain the
following grouping. The position of double bond in (IX) is consistant with the isolation of
the 2,4 dinitrophenyl — hydrazone of hydroxyacetone. The latter is obtained by the ozonolysis of antibiotic,
followed by treatment with Reney nickel.

g {-\ﬁ} = L

(O C ’”@@“-ﬂ aCONH —C{ Z Cﬂa@mc :
COsW

Ci:g ta%‘rkﬂ"’*m <

O~ U2) B ) whw—Eﬁ 2

Cx “‘(_?%M\GS{’G’&
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Based on the above chemical works. Abrati... €. have proposed structure (XII) for
cephalosphornin C and structure (XII) for cephalosponn Ce.
The structure of the antibiotic has been further confinned by its synthesis.

TOTALSYNTH"<"S;- WOODWARD ETAL (1966).

First, the B - lactam ang with substituents in the proper sterechemical orientation is prepared.
Next, the dihydrothiazing ring is added with retention of configuration of the chiral centers in the 3 - lactam
ring. This eliminated the necessity for resolution in this synthesis. Here the B - lactam ring is somewhat
stable compared to that in penicillin.

\

S &
/N VAN

i H ——— HN BOC -
HOLC™ S ” = 2Ly =
H HO,C = GHN HOC '?'!
H
L (+)-cysteine : ~ {X¥)
(303 Leg~-~Thissalkd ok BOO= t ~ butoxy=

(XV)
A

e N

B, BOC N f _NCOMe

u 105 °C
MeO,C—=; A/ H (Dimethylazo-

-dicarboxylate)

BN &
V )\
)\ (1) PBOA/ Celle
= P

; : BOC N ' f
BOC - b (i) NaOAc MeOH : i

i

S E . . H OH
H NNHCO;Me S
Q
oo ! . X\
COMe )\(F"‘*’ Al-Hg /
mm(nm : ROC-N ! MeOH
s Me0,C——{ il H
Ms(l= Methane Sulphonyt Chloride £ N
H } ]
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HCO, cHCO,TCE B
e (}x E = () B.H/THF
H - CH - (CH,)COHDCC BRI
i ‘ > N (i) AC,O/Py
(i) TCEDCT/CHN - : o
TCE = Trichloroethy! group CO,TCE
NHCO,TCE TCE 5
ciaco,' rcg B B TCE = = ¢
. S =8 Py co ="-_.:i/ Zn/HOA
ity @ Qe I
N y CH,0A¢
o CH;OAc
CO,TCE
CO,TCE
(OXXTV) Cephalosporia C XXV)
E H
s £ 5 s

i

HOLC-C::@H )HCH,);CONE j"—-ﬁ/s 10,C-CH(NH.XCH);CONH
/4

(1] Ci;0Ac

|
Y
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3
E

Cophalesporia C Cephalosporin Ce
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STREPTOMYCIN

Introdnction :
This-antibiotic is first isolated by Waksman etal (1944) from cultures of Streptomyces Griseus
This antibiotic is very effective in the treatment of tubetculosis, meningitis and pneumonia.
STRUCTURE. ELUCIDATION ;
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Analytical data indicate the molecular formula of streptomycinto be C, H, O ,N..

The antibiotic forms forms 2 trihydrochloride. This shows that three nitrogen atoms out of seven
are strongly basic. '

The above hydrochloride on um'rmtmmnwﬂmbc hydrochloric acid undergoes, “methanolysis”

to give two products.

. » OCH,

HC \ CH(OMe),

O-Methyl streptoblosamine dimethy! acetal
us I3 hydrochloride

The antibiotic on treatment with dil. Hydrochloric acid at room temperature is probably cleaved in
the same manner as indicated above. But only streptidine alone was isolated.

The above compound is }mted with aqueous hydroc}ﬂonc acid to give streptose and N —methyl
- L ~glucosamine.
_ Similar to methanolic acid cleavage, streptomycin is cleaved using ethane thiol and hydrochloric
acid.
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OCH,

H,C \ caoMe),

RO DIL HCI

Streptomycln _ﬂ»___ﬂ!lﬂ% Streptidine

.. 1. Ac;0
2. Raney Ni (Desulphurisation) »

3. Aq. H, SO, ‘
Hydrolysis of the glycoside

N- Methlyl-L- glucosamine  +
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Comparison of the molecular formulae of the hydrolytic products and antibiotic showed a difference
of 2 eater molecules. This indicated the glycoside formation at two points. Thus the antibiotic streptomycin
is built up of the above three units: the 4* hydroxyl of streptidine is glycosidised by streptose, whose 2™
hydroxyl ts glycosidised by N~ Methyl L — glucosamine.

Now we may look at the structures of these three units.

a). Structure of N ~- Mehyl L~ glucosamine

~ This forms an osazone with phenythydrazine. The former on treatment with dil. Copper suiphate
solution forms an osotriazole. This compound showd an optical rotation and m.pt. as an authentic sample
of osotriazole of D— glucose, The of rotation, of course is opposite.

| ‘The above unit upon oxidation with mercuric oxide gives N-methyl - L - glucosamanic acid. This
product has the same m.pt. and rotation as the known acid with opposite sign of rotation. It’s structure is
confirmed by its synthcsis (Folken etal).

~ hydrolysis

N-Methyl-L-glucosaminie seid 2 y- lactone
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Agueoun sslution it
3y

tc stasa for an hour &

B) Siructure of Streptidine : |
(i). 1t forms adihydrochloride salt with hydrochloric acid. Thus it is dibasic in nature.
{ii). The presence of guanidino group is inferred by the permanganate oxidation, of strcpndme

'hegmmdmeﬁnmedmthmomdaﬂomsdetectodbyumngsagakuchxmcum
Sagakuchi Reaction :

Guanidine on reaction with - naphthol and sodium hypobromite gives ared colour.
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STREPTAMINE :

The presence of guanidino groups at 1,3 position is evidenced from the formation of 2-methyl-5-
acetamidobenzoxazole, in the following sequence of reactions.

Refluxed NHAc

WilhAc;O

OH

G =
oty T)k

H
2, 4 - Diacetamidophenol

OTCHa

N

AcNH

Thetv.  manidino groups ai 1 aixd 3 posiﬁons are cis-to each other isindicated as follows.
Benzo: ution of streptamine gives Di-N-Obenzoyl derivative. The latter on periodic oxidation
followed by trcatment with bromine water gives meso - 2, 4 - dibenzamido - 3 - hydroxygluatric acid.

H,N ‘
%H PRCOC1/

IH' H Cold dll NngH
)

Strepts ~ine

N- Benzoylstreptamine
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e
NHBZ "BZNH
BZNH OH
OH CHO+HCOH  BH/H:0 BZNH—-

E -~
Mild Ozxication

CHO CoH

s X i (non-reclvable)

' (£)24- Dibeszamido - 3-hydroxyglutaric acid.
The structure of streptidine has been confirmed by its synthesis.

S (W et
(1) Ac0 (cold) S
s&uﬁveqeetyhﬂoadm group
(i) EtSAEC
(i) NH,

N- Aoetyl-D-gucosmnmadIemyhnmphl

B 0,0
PIOA<, ' OH .
HKH_ZA

CHOH DA, Ba(ON);
OH o  Ringelosure
NHA:

1. Ni -H;

2. AcyO / NaOAe

3. Two lsomers upmﬁeﬁby
fractionsl crysisiilsation

NH,
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L Ag.H; 80,
Deacetylation

. BaM0H);

H,N-C-SMe
(2 Moles)

T
~2MeSH -

Structure of streptose :

3-Formyl-5-desoxy-1-lyxose
This -ompound is unique in that it contains two formyl groups a tertiary hydroxy! and a
desoxyhyd - methyl groups.
Ethylthiostreptobiosaminediethylmercaptal on desulphurisation with Raney mckel gives a product
known as bisdesoxy streptose and this product enhanced the suength of boric acid, indicating the presence
of two cis-vicinal hydroxyis.

Borate complex
formation
D
‘ +3H.0
Ethyithlos ~eptoblosamine —g T 0 0o =——Cc—
die:  mercaptat. I |
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The above bisdesoxy compound is subjected to periodic acid oxidation as follows.

\ CH;B!’
mo, n,c & (I:HO

COCH, CHO

(Jsolated &
ol OH
mo‘ 1dentifled)
mild
CH,COCOCH,
(Diacetyl)

Streptose or even the antibrotic streptomycin undergoes a unique molecular rearrangement when
treated with dil.alkali, the product is called “maltol” and the rearrangement is “Maltol rearrangement”,

OH o
OH
Rearrangement

: OH

0 :
1-Methvl -s-hvdmxv-y-gmna {or) Maltol

This TCAITALEELUTLIL LIULLLLAILY RAAILD LLE LLIC LadG UL @ LULALIUDG JYDICLLL, ULliy L1 LT a.t(fﬁh)’d.lc group of

C,»is used in a furanose ring with a 3-formyl group, being potentially free. Its structure has been confirmed
byits synthesis. o

Synthesis :

q’o OH
—OH ® TsC1

—_— ES {n x1 H,C OH

== 0 8 " hom,c B (i) ZoCuCosple 1

OH -
p-L-Arabinofuranoss
o
DCC / Pyridinium

—_>

P
o O)V bosphate in DMSO i ’\(
0
An acetonide
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0
-—-—-—-—--—b {1)0,
/, c( \~"”“0H
| CHO
(i) R gbr H;, —fOH (i) Za dust/ H,0 o, !/
LR | : » OH OH

Streptose

TETRACYCLINES
Introduction:

Tetracyclins are broad spectrum antibioties and are produced by moulds. Aureomycin was isolated
from cultures of streptomyces aurefaciens. This is used in the treatment af typhoid fever. Terramycin was
isolated from cultures of streptomyces rimosus. This is very effective in the treatment of trachoma. Their
physical and chemical similarities suggested even at the outset that they have the same skeleton. The
structures of these antibiotics are given below. -

Me

ﬂlu,z.

~ NH,

o4 O OH 0 0

* Aureomycin: R'=Ci; R'=H
Terramycin: R'=H; R'=O0H

Structure elucidation of terramycin:

Itis an yellow amphoteric substance with a molecular formula, C,,H, O,N,. Zerewittinoff’s active
hydrogen determination indicated the presence of 6 - active hydrogens (ie. 6-OH groups)

24 hours treatment of terramycin with 20% sodium hydroxide gives dimethylamine, ammonia and
acetic <~ 7. So presence of dimethylamino groups and an amide group is inferred.
Drastic uikali degradation of terramycin gives terracinoic acid, terranaphthol and methylphthatide.
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( COH .
NaOH
Terramyein _
Drastic condition COH
Inert atmosphere
O,
- COH
Me
™~ CH 4 g
Me /
COH Dimethylamine
OH

Terracinoic acid + NH; + CH,COOH ete

Alkali degradation in the presence of zinc dust gave terranaphthol and
methylphthalide. ' CH, '
NaOH
Terramycin
bl Za dust

‘ |
OH o
Methylphthalide

The following acid degradation was carried out under mild conditions.
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HCt fa

St it

Av ag

-

NE - N
-~ P R, tobecoines sromatie

-R0

OH - c¢u O o 0

Apoterramycin
~-H,0
0.5 N Het Aramatisation of
0% NH, ringA
9 hours Bs :
-Me; NH ag its bydrochloride . 0 o
HO o Desdimelthyluino

apoterramycin
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dacarboxamidaterrinclide

sbepresenceoll S dikydroxynaphthalene skeleton in the above compounds has been proved by
UV ard WMR and increase in the acidity conferred on boric acid.

Reductive depradation with zinc and Acetic acid :

The tetracyclic nature of the antibiotic has been proved by the reduction experiments.

(1) Za & HOAc
~ Me,NH

desdimethylaminoterramycin
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Ao i
Mors drastic # > OH
reduction Za dust
13 9 - OH k removed - dintiliaties
M of double NH,;
boud from 112 il
takes place.

o8 © oH 0 o

Naphthacens

At about this stage stephens et al isomerised tetracyclin to epitertacyclin which is more often
referred to as quatrimycin, This isomerisation is due to the two different modes of chelated structure.

Quatiimycin
( Epiteiracyelin)

‘Finally the structure of terramycin has been confirmed by its synthesis.
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SYNTHESIS : (Muxfoldt, Kardtmann, Kathawala Vedjs and Moobery).
REF ; JACS 90, 6534 (1968).

The following three units whose syntheses earlier achieved has been brought together.
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PH{OHj;+ PH(OAL);

CHOCH:C

N Pb THF (Solvent )
+ ‘\r(‘ Basic lecad acetale
% 4 i
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(1) Hydraxylation at
12 ~ a by passing
Malecular oxygen

In the prescnce of
alkall

() MeOE/HOI |

CONH,

0
g,c, 98 OH NMe,

(1) Ml / THY
‘__..

- Hydrolysed in dfl.acid
(1) Me;SO Hunigs base
N Hl m

OH o oH 0 o
Terramycin

{ crysiallised from acetone and

purified by chromatography )

125



D.D.C.E M.S. University DCH 11

Aureomycin
[(or) 5-desoxy - 7- chloroterramycin (or) 7-chlorotetracyclin]

Introduction :
Auremycin and Terramycin display identical UV spectra and have similar physical and chemical
properties. They do show the same physiological activities.
Structure Elucidation :
From analytical data the molecular formula of aureomycin has been deduced as C  H, ON,ClL.
Its structure has been revealed through various degradative studies.
Degradation of aureomycin with alkali was done as follows;

e NH:
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Compound X was subjected to (i)oontinuous alkall trestment to give corypounds
Y and Z, (ii} Acid degradation to sureonamide. . e 8
Alkali treatment;

a cH,
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NH;

34-Di°  axycyclopentan—
t,5—~dione~t—carboxamide

Compound Z has been characterized by the following studies.

i), Itis hydrolyzed by acid to an unstable monocarboxylic acid, which is
spontaneously by decarboxylated (being 2 - Keto acid).

OH o

COH

i), When refluxed with red wm it loses ammonia and carbion dioxide.

Red?lﬂ]

iii). This pfeduct has been oxidized to succinic acid confirming the
above formulation.
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r— CO;H
¢ o) + o,
—> COH
Su&:inlc acid

iv)  Compound Z reacts with 48% hydrobromic acid qumg ammonma
and carbon diaxide and giving 2 triketorie.

Cou o

aﬁo
d p
a iriketone

This triketone gives a quinoxaline derivative, indicaling it Lo be an a-diketone.

NH, ©
+ 'lﬂ;'o

.N'l{: 3 Q“ s 2
Quinexalise derivative

Compound X or: degradation with silphuric acid gives aurcohamide,

Aq.HgSO‘

Forced
debydration
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